Examinations were made to determine the protection from caries 1112 and two years after the sealing of 200 pits and fissures of deciduous and permanent teeth surfaces with an adhesive resin polymerized by ultraviolet light. After two years, a single application of the adhesive to the surfaces of permanent teeth had resulted in a 99% caries reduction; there was an 87% reduction of caries in the pits and fissures of the occlusal surfaces of the deciduous teeth. Adhesive sealing could be useful in preventive dentistry because it is intended for the cariessusceptible areas that are least benefited by fluoride.
Examinations were made to determine the protection from caries 1112 and two years after the sealing of 200 pits and fissures of deciduous and permanent teeth surfaces with an adhesive resin polymerized by ultraviolet light. After two years, a single application of the adhesive to the surfaces of permanent teeth had resulted in a 99% caries reduction; there was an 87% reduction of caries in the pits and fissures of the occlusal surfaces of the deciduous teeth. Adhesive sealing could be useful in preventive dentistry because it is intended for the cariessusceptible areas that are least benefited by fluoride.
1090
• JADA, Vol. 82, May 1971 In a recent publication 1 the author reported that examinations after one year showed that the sealing of 200 pits and fissures of deciduous and permanent teeth with an adhesive resin polymerized by ultraviolet light had resulted in complete protection against caries. In addition, there was complete retention of the adhesive on all but one occlusal fissure. This report presents additional results in the same patients examined 1 Yz and two years after a single application of the adhesive.
Materials and methods
Details of the technique of adhesive sealing, scoring of caries, and retention of adhesive have been outlined in the rep~rt of the one-year study. The adhesive* is a clear, syrupy liquid that contains as the major ingredients three parts by weight of the reaction product of bisphenol A and glycidyl methacrylate and one part by weight of methyl methacrylate monomer in which approximately 2% benzoin methyl ether is dissolved as an ultraviolet light sensitive catalyst. Synthetic calcium hydroxyapatite and calcium fluoride were added to the adhesive. A fine camel's hair brush is used to apply the adhesive to the washed and dried enamel occlusal surfaces that have been conditioned for bonding for 60 seconds with one or two drops of a 50% by weight phosphoric acid solution containing 7% dissolved zin.c oxide by weight. The tip of the brush is used not only to cover fine hairline crevices but also to featheredge the adhesive onto the cuspal inclines toward the tips of the cusps, but not overlap- ping enamel surfaces that have not been conditioned with the acid. After application to the tooth surface, the adhesive is hardened in 20 to 30 seconds by exposure to the rays of long-wave ultra violet light (3,660 angstrom) suitably focused on the tooth surface by an intraoral reflector attached to the light source. The safety of long-wave ultraviolet light has been well established. 2 The initial and the final scoring of tooth condition were as follows: 0--unstained fissure with no explorer catch; 1-stained fissure but no explorer catch; 2--stained or unstained fissure, some explorer catch but no sticking or penetration; }-:-definite penetration and sticking of the explorer or radiographic findings of occlusal caries or both.
Because of exfoliation of teeth and the transfer of patients to other localities, fewer surfaces (pits and fissures) were available at subsequent examinations than were available initially. The results at 11/z and two years are based on the number of surfaces that were available for these full-time intervals.
Results
The table shows that at Ph years, 17 3 control and 173 experimental pits and fissures from both deciduous and permanent teeth were available for examination. Of the 119 experimental pits and fissures in permanent teeth, 96% retained the adhesive. No caries appeared to have developed in the adhesive-coated surfaces as judged by radiographs and clinical examination. By contrast, 51% of the pits and fissures in the permanent teeth used as controls had developed caries. Although 17% ofthe deciduous surfaces showed loss of adhesive coverage, no caries had developed on these surfaces.
At the two-year examination, 153 experimental and 153 control surfaces from both deciduous and permanent teeth were available for study. Of the II 3 surfaces of permanent teeth initially covered, 87% had retained full coverage by the adhesive. Only one surface from which the adhesive had been lost, became carious. Of the pits and fissures in permanent teeth of controls, 60% had become carious by the end of two years, whereas 99% protection was obtained in the experimental surfaces of permanent teeth. The deciduous surfaces during the same period suffered a 50% loss of adhesive coverage. Five percent, or two of the 40 deciduous experimental surfaces available for study, had become carious, whereas the control deciduous pits and fissures showed a 38% incidence of decay. A caries reduction of 87% was obtained in the experimental deciduous teeth. Observation of the volume of adhesive retained on both deciduous and permanent surfaces revealed that in approximately 80% of the surfaces, the adhesive was in excellent-togood condition and represented a change in volume of adhesive of about a third to a half respectively of the original amount placed on the surface. In the remaining 20% of surfaces the retained adhesive was considered to be in good-to-fair condition; this condition represented approximately a third of the original volume of adhesive.
The retention of adhesive appeared to be best on those surfaces that had multiple crevices. Relatively smooth, saucer-, or cup-shaped surfaces with a single shallow pit or fissure appeared to be less retentive; loss of adhesive from the deciduous surfaces was generally associated with these anatomic features.
Discussion
The most important finding of this study was the almost complete protection against decay afforded the pits and fissures of permanent teeth two years after a single application had been made of an adhesive resin to seal these vulnerable areas. This protection was obtained although 13% of the surfaces of permanent teeth showed complete loss of adhesive coverage at the end of the second year. These findings attest to both the high degree of reliability of coverage and the protection that can be obtained with adhesive sealing. These are important considerations from a clinical aspect. Although there was no loss of adhesive coverage for the deciduous teeth at the one-year period, these teeth showed a considerably greater percentage loss of coverage than did the permanent teeth at both the 11/2-and two-year examinations. The degree of protection against decay nevertheless was substantial for the deciduous teeth.
Because of the relatively small number of surfaces involved or the shorter time at risk, or both, it cannot be concluded that the surfaces that had lost adhesive coverage were more decay-resistant than were the control surfaces. Analysis of the data indicates that the one permanent surface and the two deciduous surfaces found to be carious at the end of the two-year interval had lost adhesive coverage sometime between the 1 Y2-and twoyear examinations and between the one-and ll/2 -year examinations respectively. The permanent surface that became carious therefore had been at risk for a maximum of six months, whereas the two deciduous surfaces that developed decay had been at risk for a maximum of one year to a minimum of approximately six months, depending on when the loss of adhesive occurred after the first yearly examination. A more valid comparison of the decay rates of control versus experimental teeth that became uncovered probably can be made when the surfaces from which adhesive was missing at the two-year examinations are examined after an additional six months to a year at risk. One could speculate that the presence of traces of adhesive in the fissure, or deep in the enamel surface because of penetration into interprismatic or other spaces created by the acid etching, could contribute to a smaller caries incidence in teeth from which adhesive had been lost, as compared to the control surfaces. In addition, the fluoride added to the adhesive may leach out and be acquired by the enamel surface during their period of contact, and thus provide protection for these surfaces even after loss of bulk adhesive. This possibility is supported by preliminary unpublished in-vitro evidence from our laboratories that fluoride ion, incorporated in the adhesive as calcium fluoride and other compounds, slowly leaches out when the adhesive is exposed to water.
The permanent teeth selected for this study generally had well-defined pits and fissures or deep fossae, or both, and as a rule were found in mouths in which decay already was present in other teeth. Cariesfree individuals with relatively well coalesced occlusal surfaces were not included in the study as it was thought that natural protection against caries existed in such persons. It might be expected, therefore, that the group of surfaces chosen for study could show a somewhat higher caries incidence than an otherwise unselected group.
A number of observations were made which, from a clinical use aspect particularly, represent favorable behavior of the adhesive·. For instance, there was no evidence of fractures or crazing of the retained adhesive. Adhesive surfaces as a rule were relatively smooth and free from debris with little or no change from the original color. The enamel surfaces which had lost the adhesive appeared normal, and could not be distinguished from control enamel surfaces that had not been acid conditioned. It was observed that when adhesive was lost, the loss was complete and no part of the adhesive was retained on the surface.
As judged by several years of clinical and laboratory experience, the success of adhesive sealing will be predicated on strict adherence to certain requirements. First among these is a properly etched enamel surface, which on drying should be characterized by a uniform, dull, satiny appearance. Uniform, proper etching will tend to produce more uniform bonding which will help reduce or eliminate areas of poor attachment or nonattachment of the adhesive to the enamel surface. Such areas could act as stress concentrators and cause bond disruption by relatively small forces. Secondly, the conditioning solution and its reaction products with enamel must be thoroughly removed by washing with a jet spray of water for about 10 to 15 seconds. This eliminates loosely bound debris and is more likely to assure patent spaces in the enamel surface into which the adhesive can penetrate to form tags for mechanical retention. a At this point, contact with saliva should be minimized since the conditioned enamel surface readily absorbs salivary constituents that may reduce the surface free energy and render the surface less favorable for bonding. Therefore, after the conditioning solution is washed off, the patient should rinse his mouth quickly, and the surfaces should be isolated and dried immediately. Third, and perhaps most important, is the drying of the enamel surface before application of the adhesive. A stream of warm compressed air that does not cool the enamel surface and favor moisture condensation is best for this purpose and should be used for about 10-20 seconds with the point of the air nozzle about a half inch from the enamel surface. Care should be exercised that the air line does not contain water or oil. The former may prevent adequate drying, whereas the latter is particularly effective as a surface contaminant that prevents the adhesive from bonding to the enamel. The adhesive is applied immediately after the enamel surface has been dried. It should be lapped gently onto the enamel surface to minimize both internal and surface bubbles that are responsible for surface pitting. After the adhesive is hardened with ultraviolet light, the operator can check the surface for pitting by rapidly moving the point of an explorer over it. Occasional pits in the surface of the adhesive, found on the lower teeth more frequently than on the upper, can be filled quickly by reapplying a dab of adhesive over the depression and reexposing to the ultraviolet light. On polymerization of the resin, the thin skin of the bubble breaks and leaves a depression. These voids usually occur over the thickest part of the adhesive and as a rule do not extend through the body of the adhesive. Only the relatively larger voids need to be filled as these tend to become occluded with oral debris.
The intensity of the ultraviolet light used must be sufficient to induce polymerization throughout the mass of the sealant, including that which may have penetrated the enamel surface to form the "prism-like" tags that are believed to contribute to the retention of the adhesive from a mechanical aspect. Failure to achieve adequate polymerization of the sealant at the enamel interface and in the enamel certainly would predispose to lesser bonding strengths. A qualitative test used by the author to assess the adequacy of polymerization is to seal an appropriately acid conditioned molar fissure surface in vitro and attempt to remove the hardened adhesive with a sharp Starlite M-G-5 sickle explorer. A properly polymerized adhesive will not grossly chip or flake or be dislodged by the maximum pressure than can be exerted on the explorer point without causing permanent bending at any point along the tine. It has been our experience that when the adhesive passes this test it will also survive 50 hours in boiling water. The ultraviolet lamp used in this study provides the proper intensity for polymerization of the adhesive as described.
It is thought that adhesive sealing of pits and fissures could be an important adjunct in a caries prevention program since it is intended for those caries-susceptible regions considered to be least benefited by fluorides.
Summary
The caries-reducing effect of a single application of a liquid adhesive to the pits and fissures of human teeth by a simplified technique that involves polymerization of the adhesive by ultraviolet light has been reported. After two years the pits and fissures on surfaces of permanent teeth showed a 99% caries reduction, whereas the surfaces of deciduous teeth showed 87% caries reduction. Complete adhesive coverage after two years was present in 87% of the permanent surfaces and in 50% of the deciduous surfaces. Where loss of adhesive occurred it was complete, with no part of the adhesive remaining bonded to the pit or fissure area. Adhesive sealing could be an important adjunct in caries prevention programs used in clinical practice since it is intended for the caries-susceptible areas that are least benefited by fluoride.
